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COMMUNICATION REQUESTING 
CONSIDERATION ON THE MERITS OF A SECOND 
SUBMISSION AFTER FINAL REJECTION WITH WITHDRAWAL OF FINALITY 
UNDER 37 C.F.R. §1.12 9 (a) AND PETITION FOR A FOUR MONTH EXTENSION 



This Communication is submitted pursuant to the provisions of 37 
C.F.R. §1.129 (a) to request consideration on the merits of an 
Amendment In Response To October 5; 2001 Final Office Action and 
Supplemental Information Disclosure Statement Submitted as a Second 
Submission, attached hereto as Exhibit A and withdrawal of the 
finality of the October 5, 2001 Office Action. 



On October 5, 2001 the United States Patent and Trademark Office 
issued a Final Office Action in connection with the above- 
identified application. A response to the October 5, 2001 Office 
Action was due January 5, 2002. On April 5, 2002 Applicants' 
attorneys filed a Petition For A Three Month Extension of Time, and 
a Notice of Appeal From The Examiner's Decision To The Board of 
Patent Appeals and Interferences. A Brief on Appeal was therefor 
due June 5, 2002. Applicants hereby petition for a four month 
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extension of time for filing their response in this case. 
Applicants have previously established small entity status, which 
is still proper. The required fee for a four month extension of 
time for a small entity is SEVEN HUNDRED TWENTY DOLLARS ($720.00) 
and under 37 C.F.R. §1.17 (r) the fee for filing a submission after 
final rejection is THREE HUNDRED SEVENTY DOLLARS ($370.00). 
Applicants therefore enclose a check in the amount of ONE THOUSAND 
NINETY DOLLARS ($1090.00) which covers these fees. Accordingly, the 
Amendment in response to October 5, 2001 Final Office Action and 
Supplemental Information Disclosure Statement Submitted as a Second 
Submission, attached hereto as Exhibit A, is now due October 5, 
2001. Since October 5, 2002 is a Saturday, however, the response is 
due under '37 C.F.R. §1.7 on October 7, 2002, i.e., the next 
succeeding business day which is not a Saturday, Sunday or a 
Federal Holiday. This Communication and the attached Amendment are 
thus being timely filed. 

Under 37 C. F. R.§1 . 129 (a) applicants in an application that has been 
pending for at least two years as of June 8, 1995, taking into 
account any reference made in such application to any earlier filed 
application under 35 U.S.C.§120, 121 and 365(c), are entitled to 
have a Second Submission entered and considered on the merits after 
final rejection if the Second Submission and the fee set forth in 
37 C. F. R.§1 . 17 (r) are filed prior to the filing of an appeal brief 
and prior to the abandonment of the application. The present 
submission is a Second Submission in that a first such Submission 
Under 37 C . F. R.§1 . 129 (a) was filed January 21, 2000 in response to 
a December 21, 1998 Final Office Action. 
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ims 



For its earliest filing date the subject application cla 
priority of U.S. Serial No. 08/009,268 filed January 22, 1993. 
Therefore, taking into account the priority reference, this 
application has been pending for at least two years as of June 8, 
1995. This Communication is prior to the filing of an appeal brief 
and prior to the abandonment of the subject application. 
Accordingly, the Amendment In Response To October 5, 2001 Final 
Office Action and Supplemental Information Disclosure Statement 
Submitted as a Second Submission Under 37 C. F. R.§1 . 129 (a) is being 
timely filed. 

The fee under 37 C.F.R. for consideration and entry of a second 
submission after a final rejection is, as noted, $370.00. As stated 
hereinabove, applicants enclose herewith a check for $1,090.00 
which includes this fee. 

Under 37 C . F. R. §1 . 129 (a) the finality of the final rejection is 
automatically withdrawn upon the timely filing of the Second 
Submission and the payment of the fee set forth in §1.17(r). 
Accordingly, applicants respectfully request that the finality of 
the October 5, 2001 Final Office Action be withdrawn and the 
Amendment in Response To October 5, 2001 Final Office Action and 
Supplemental Information Disclosure Statement be considered as a 
Second Submission. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorneys incite the Examiner to telephone at the number provided 
below . 
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No fee, other than the enclosed $1,090.00 fee which includes the 
$720.00 fee for a four month extension of time and the $370.00 fee 
under 37 C . F. R. §1 . 17 (r ) for filing this submission, is deemed 
necessary in connection with the filing of this Communication. 
However, if any additional fee is required, authorization is hereby 
given to charge the amount of such fee to Deposit Account No. 03- 
3125. 

Respectfully submitted, 



I hereby certify that this correspondence 
is being deposited this date with the U.S. 
Postal Service with sufficient postage as 
first class mail in an envelope addressed 
to: Assistant Commissioner for Patents, 
Washington, D.C. 20231. 



John P. White 
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Mark A. Farley 
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Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: 



RECEIVED 

OCT 1 0 2002 

TECH CENTER 1600/2900 



AMENDMENT IN RESPONSE TO 
OCTOBER 5, 2001 FINAL OFFICE ACTION AND SUPPLEMENTAL 
INFORMATION DISCLOSURE STATEMENT SUBMITTED AS A SECOND SUBMISSION 



This Amendment is submitted in response to an October 5, 2001 Final 
Office Action issued by the United States Patent and Trademark 
Office as a second submission pursuant to a Communication 
Requesting Withdrawal of Finality under 37 C.F.R. 1.129(a) of the 
October 5, 2001 Final Office Action. Accordingly, this Amendment is 
being timely filed. 

Please amend the subject application as follows: 



In the claims : 

Please amend claim 109 as follows: 



A marked-up version of the amended claim, wherein the deleted 
material is in brackets and the inserted material is underlined, is 
attached hereto as Exhibit!. 
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— 109. 



(Amended) A composition which comprises: 



a) a conjugate of i) a ganglioside derivative which 
comprises an unaltered oligosaccharide part and an 
altered ceramide portion comprising an altered 
sphingosine base to ii) an immunogenic protein-based 
carrier comprising an e-aminolysyl group; 



b) a saponin derivable from the bark of a Quillaja 
Saponaria Molina tree; and 

c) a pharmaceutical^ acceptable carrier; 

the relative amounts of such conjugate and such saponin being 
effective to stimulate or enhance antibody production in a 
sub j ect , 

wherein the ganglioside derivative is a derivative of a 
ganglioside selected from the group consisting of GM2 , GM3, 
GD2, GD3 lactone, O-acetyl GD3 and GT3; and wherein the 
immunogenic protein-based carrier is derived from a protein 
selected from the group consisting of malaria T-cell epitope, 
an outer membrane protein of Neisseria meningitidis, 
cationized bovine serum albumin, Keyhole Limpet Hemocyanin, 
polylysine and human serum albumin; 

wherein in the conjugate the ganglioside derivative is 
covalently bound to the immunogenic protein-based carrier by 
a stable amine bond between the C-4 carbon of the altered 
sphingosine base of the altered ceramide portion of the 
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ganglioside derivative and the nitrogen of the e-aminolysyl 
group of the immunogenic protein-based carrier. — 

REMARKS 

Claims 109-122 are pending in the application. Applicants 
acknowledge the Examiner's statement in 111 on p. 2 of the Office 
Action, i.e., that claims 102-108 were previously pending and not 
claims 102- 120 as stated in the Amendment filed July 17, 2001. The 
Examiner further stated that claims 102-108 were canceled and the 
new claims (misnumbered as nos . 121-134) submitted with the 
response of July 23, 2001 have been renumbered as claims 109-122 
respectively. Applicants apologize for any confusion caused by the 
misnumbering of new claims 109-122 as nos. 121-134. 

Claim 109 has been amended, as discussed below, to more clearly 
define the conjugation between the ganglioside derivative and the 
immunogenic protein based carrier. These amendments are completely 
supported by the application as originally filed, and in particular 
by Figure 1; page 5, lines 4-7; page 32, lines 13-20; and page 65, 
lines 9-15. Accordingly there is no issue of new matter. Entry of 
the Amendment into the file of the application such that claims 
109-122, as amended, will be pending is therefore respectfully 
solicited . 

Obviousness-Type Double Patenting Rejection 

The Examiner provisionally rejected claims 109-122 as being 
unpatentable due to obviousness-type double patenting over claims 
65-71 and 77 of copending Application No. 08/477,097. The Examiner 
stated, in regard to this rejection, that although the conflicting 
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claims are not identical, they are not patentably distinct from 
each other because they all claim conjugates by means of 
conjugating proteins to gangliosides through the ceramide portion 
and thus the particular method species drawn to GM2 or GM3 claimed 
in the copending application would anticipate the instant genus 
composition claims . 

The Examiner stated that Applicants argue that the provisional 
rejection should be allowed to drop and the instant claims- should 
be allowed to issue, pursuant to MPEP Section 804. The Examiner 
went on to state, however, that since the instant claims are not 
allowable, the provisional double patenting rejection is maintained 
for the reasons already made of record. 

The Examiner has additionally provisionally rejected claims 109-122 
due to obviousness-type double patenting over claims 66-72 of 
copending Application No. 08/475,784. The Examiner stated that 
although the conflicting claims are not identical they are not 
patentably distinct from each other because they all claim 
conjugates by means of conjugating proteins to gangliosides through 
the ceramide portion and thus the particular method species claimed 
in the copending application would anticipate the instant genus 
composition claims . 

The Examiner additionally stated that Applicants argue that the 
provisional rejection should be allowed to drop and the instant 
claims should be allowed to issue pursuant to MPEP Section 804. The 
Examiner went on to state, however, that since the instant claims 
are not allowable, the provisional double-patenting rejection is 
maintained for the reasons already made of record. 
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Further to the above, claims 109-122 are provisionally rejected as 
being unpatentable for obviousness-type double patenting over 
claims 80-86 and 92-96 of copending application No. 08/196,154. As 
with regard to the above-discussed provisional double patenting 
rejections, the Examiner stated that although the conflicting 
claims are not identical, they are not patentably distinct from 
each other because they all claim conjugating proteins to 
gangliosides through the ceramide portion and thus the particular 
method species claimed in the co-pending application would 
anticipate the instant genus composition claims. 

The Examiner further stated that Applicants had argued that the 
provisional rejection should be allowed to drop and the instant 
claims be allowed to issue, pursuant . to MPEP Section 804. The 
Examiner went on to state, however, that since the instant claims 
are not allowable, the provisional double patenting rejection is 
maintained for the reasons already made of record. 

The Examiner's provisional double patenting rejections are 
respectfully traversed. As noted in the Office Action, Applicants 
have argued in their prior response that the provisional double- 
patenting rejection should be allowed to drop, and the presently 
pending claims should be permitted to issue, pursuant to MPEP §804. 
The subject MPEP section, in discussing provisional double 
patenting rejections of the type raised in the present application, 
stated that the: 

'provisional 1 double patenting rejection should continue to be 
made by the Examiner in each application as long as there are 
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conflicting claims in more than one application, unless that 
'provisional' double patenting rejection is the only rejection 
remaining in one of the applications. If the 'provisional' 
double patenting rejection in one application is the only 
rejection remaining in the application the Examiner should 
then withdraw that rejection and permit the application to 
issue as a patent, thereby converting the 'provisional* double 
patenting rejection in the other application into a double 
patenting rejection at the time one application issues as a 
patent . (emphasis supplied by Applicants) . 

The Examiner responded to the argument by Applicants based on MPEP 
§804 by pointing out that, upon the mailing of the Final Office 
Action, the 'provisional' double patenting rejection is not the only 
re j ec tion remaining in the application. That is to say that there 
is, as set forth in the Final Office Action, a §112, first 
paragraph, and a §103 (a) rejection of claims 109-122 of the 
application. The Examiner has thus stated that (as noted above), 
"Since the instant claims are not allowable, the provisional double 
patenting rejection is maintained for reasons already made of 
record" . 

In response to the Examiner's above-quoted statement, Applicants 
submit that for the reasons set forth below, the amendments made 
herein to independent claim 109 are believed to overcome both the 
§112 and the §103 rejection of that claim, as well as the 
corresponding rejection of those claims which depend from claim 
109 (i.e., remaining claims 110-122), which rejections should 
therefore be withdrawn . Following such withdrawal, the only 
remaining rejection would be the obvious-type double patenting 
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rejection. In accordance with MPEP §804, therefore, the double 
patenting rejection should then also be withdrawn to permit the 
present application to issue as a patent. Such action is therefore 
respectfully solicited . 

Rejection Under 35 U.S.C. §112 

Claims 109-112 are rejected under 35 U.S.C. §112, HI, as allegedly 
containing subject matter which was not described in the 
specification in such a way as to reasonably convey to one skilled 
in the relevant art that the inventors, at the time the application 
was filed, had possession of the claimed invention. The Examiner 
stated that this is a "new matter" rejection. 

The Examiner stated with regard to the subject rejection that 
Applicants point to page 32, lines 1-33 and page 12, lines 4-14 for 
support for the invention recited in claims 109-122. The Examiner 
then further stated that the cited portions of the specification 
are not persuasive, insofar as enablement is concerned, in that the 
passage at page 32, lines 4-14 provides for a specific coupling 
procedure at the C-4 carbon of the sphingosine moiety of the 
ceramide to the e-aminolysyl group of a protein (the procedure 
involves ozonolysis, production of a functional aldehyde group and 
coupling to an e-aminolysyl group on a protein by reductive 
amination) . The Examiner additionally stated that the passage at 
page 12, lines 4-14, in combination with the passage at page 32, 
lines 1-33, does not support a broad coupling of the ceramide 
backbone of the ganglioside at the C-4 carbon of the sphingosine 
moiety by any generic means to the immunogenic protein based 
carrier. The Examiner stated that the text at pages 12 and 32 does 
not support, by way of written description, that Applicants had at 



Applicants 
U.S. Serial No. 
Filed 
Page 8 



Philip Livingston and Friedhelm Helling 

08/477,147 

June 7, 1995 



the time of filing contemplated coupling by any means other than 
the C-4 carbon of the sphingosine moiety of the ceramide to the e- 
aminolysyl group of proteins. The Examiner stated that Applicants' 
amendment (i.e., the introduction of new claims 109-122) provides 
a new genus of coupling procedure at the C-4 carbon of the 
sphingosine moiety of the ceramide to the immunogenic protein based 
carrier by any means and any chemistry. The Examiner stated that 
this genus concept is not supported by the specific written 
description. The Examiner further stated that the linkage by means 
of the C-4 carbon is tied to coupling through the e-aminolysyl 
group of a protein and that Applicants were clearly not in 
possession of this new genus. 

The Examiner went on to state that the court's decision in In re 
East and Harmon (CCPA) 181 USPQ 716 (May 9, 1994) is instructive. 
The Examiner noted that in the case in question the claims of a 
reissue application were found to be drawn to new matter since they 
broadly recited a genus of "carrier particles" not disclosed in the 
original patent, which disclosed only the subgenus of "magnetic 
carrier particles" and species of "iron, ferrites, nickel, and 
cobalt" carrier particles. The Examiner stated that the genus now 
claimed in the present application is not supported by the specific 
species described in the specification, as set forth supra. The 
Examiner stated that the genus of types of linkages to the 
immunogenic protein-based carrier is not supported by the 
specification as originally filed. 

In response to the above ground for rejection, Applicants submit 
that claim 109, i.e., the sole independent claim present in this 
application, from which all of the remaining claims depend, has now 
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been amended to recite that the immunogenic protein-based carrier 
comprises an e-aminolysyl group, and further that: 

in the conjugate the ganglioside derivative is covalently 
bound to the immunogenic protein based carrier by a stable 
amine bond between the C-4 carbon of the altered sphingosine 
base of the altered ceramide portion of the ganglioside 
derivative and the nitrogen of the e-aminolysyl group of the 
immunogenic protein-based carrier. (emphasis supplied) . 

In support of the above-described amendments the Examiner's 
attention is respectfully directed to page 32 of the specification 
which teaches, at lines 15-20, concerning the conjugation of the 
ganglioside to the protein, that: 

The ceramide, characteristic for all gangliosides , was 
cleaved with ozone at the C-4 position of the sphingosine 
base and a functional aldehyde group was introduced. 
Coupling to protein was realized by reductive amination 
to form a stable amine bond between the ganglioside and 
the e-aminolysyl groups of proteins. 

The specification goes on to teach, moreover, that the above 
described method of conjugation was used by Applicants with 
gangliosides other than the GD3 ganglioside. For example, page 65, 
lines 9-15 of the specification, in describing the preparation of 
a GM2-Keyhole Limpet Hemocyanin vaccine, teaches that: 



GM2-KLH conjugate was prepared ... as described previously 
for GD3-KLH conjugate vaccine. Briefly, the conjugation 
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procedure involved ozone cleavage of the ceramide double 
bond of GM2 , introduction of an aldehyde group, and 
conjugation of aminolysyl groups of KLH by reductive 

amination . 

The disclosure of the present application thus clearly teaches to 
one of ordinarty skill in this art the conjugation of a ganglios.de 
derivative to an immunogenic protein-based carrier by a stable 
amine bond between the C-4 carbon of the altered sphingosine base 
of the altered ceramide portion of the ganglioside derivative and 
the e-aminolysyl group of the immunogenic protein-based career 
(e.g. , KLH) . 

As amended, moreover, claim 109 does not recite a coupling of the 
ceramide backbone of the ganglioside at the C-4 carbon of the 
sphingosine moiety by any generic means to the immunogenic protern- 
based carrier. Rather, the claim now recites, as particularl y. 

in the ci »H portions of t** specif ication (see above,, a 
~7ic coupling obtained with a stable amine bond formed between 
t L C-4 carbon of the altered sphingosine base of the altered 
ceramide potion of the sphingosine derivative and the s-aminolysyl 
group on the protein. As noted, the specification clearly conveys 
to one of ordinary skill in this art the mode of conjugation now 
recited in Applicants' (amended) claim 109, and thus in claims 110- 
122 which depend from claim 109. 

in light of the amendments to claim 109, therefore, the Examiner is 
respectfully requested to reconsider and withdraw her rejection 
under 35 U.S.C. §112, HI, of claim 109, as well as remaining claims 
110-122, each of which, as noted above, depends from claim 109. 
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Rejection Under 35 U.S.C. §103(a) 

Claims 109-122 are rejected under 35 U.S.C. 103(a) as being 
allegedly unpatentable over Livingston et al. (Cancer Research, 
149:7045-7050, 1989) in view of Ritter et al. (Seminars in Cancer 
Biology, 2:401-409, 1991), Liane et al. (Journal of Biological 
Chemistry, 24 9 ( 14 ): 4 4 60-44 66, 1974), Livingston et al. (U.S. Patent 
No. 5,102,663), Ritter et al. ( Immunobiol . , 182:32-43, 1990), 
Kensil et al. (The Journal of Immunology, 146 (2) : 431-437, 1991), 
Marciani et al. (Vaccine, 9:89-96, 1991) and Uemura et al. (J. 
Biochem, 7 9 ( 6 ): 12 53-12 61 , 1976) for the reasons made of record in 
Paper No. 20, i.e., the USPO Office Action mailed April 11, 2000. 
These reasons are reiterated below for the sake of clarity. 

In the subject Office Action the Examiner stated that Livingston et 
al. (Cancer Research) teach a composition administered to melanoma 
patients for stimulating the production of antibodies directed 
against a carbohydrate epitope on the ganglioside, GM2 (page 7046- 
7048) and that the composition for treatment is administered at a 
concentration of 100, 200 or 300 ^.g with an adjuvant, Bascillus- 
Calmetter-Geurin (BCG) , and a pharmaceutical^ acceptable vehicle, 
phosphate buffered saline, (p. 7046, column 1, paragraph 3, and 
paragraph bridging p. 7046-47) . The Examiner further stated that 
Livingston et al. teach that melanoma recurrence was delayed in 
patients developing GM2 antibodies after treatment with the 
composition (page 7048, paragraph 1 and column 2, paragraph 2) . The 
Examiner also stated that Livingston et al. teach that more 
patients produced IgM antibodies than IgG antibodies to the GM2 
(page 7047, paragraph bridging columns 1-2), and that the 
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gangliosides GM2, GD2 and GD3 are expressed on the cell surface of 
human malignant melanomas (page 7045, column 1, paragraph 2) . The 
Examiner additionally stated that Livingston et al. teach treatment 
of a melanoma, a cancer which is both epithelial and 
neuroectodermal in origin, and that Livingston et al. differ [from 
the invention] by not teaching the conjugation of the GM2 or other 
gangliosides by means of a carbon on the ceramide moiety with 
aminolysyl groups on Keyhole Limpet Hemocyanin (KLH) in a 
composition and also by not using the composition for treatment. 

The Examiner also stated that Ritter et al. (1991) teach that IgG 
responses to gangliosides may be increased by the covalent 
attachment of foreign carrier proteins such as KLH to the 
gangliosides, resulting in the T cell help necessary for the 
response (page 406, paragraph 1) . The Examiner further stated that 
Ritter et al. discloses that the advantage of inducing an IgG 
antibody response (vs. IgM) against gangliosides is that IgG: a) 
has a higher affinity, b) is better able to penetrate solid 
tissues, C) is able to mediate antibody-dependent cell-mediated 
cytotoxicity, d) and is generally detectable in the serum for 
longer periods after immunization. 

The Examiner additionally stated that Liane et al. (Journal of 
Biological Chemistry, 249 ( 14 ): 4460-4466, 1974) teach a method of 
covalent coupling of gangliosides to aminoethyl agarose or amino 
group bearing glass beads by oxidative ozonolysis of the olefinic 
bond of the sphingosine moiety (i.e., the instant carbon double 
bond of ceramide) and coupling of the carboxyl bearing product to 
the amino group of aminoethyl agarose or the amino group bearing 
glass beads. 
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The Examiner next stated that Ritter et al., (1990) teach that GD3 
lactone is more immunogenic than GD3 . 

The Examiner further stated that Livingston et al. (U.S. Patent No. 
5,102,663) teach that gangliosides GM3, GM2, GD3, GD2, GT3 and O- 
acetyl GD3 are gangliosides that are prominent cell-membrane 
components of melanoma and other tumors of neuroectodermal origin 
(column 1, lines 22-28) . 

The Examiner went on to state that Kensil et al., teach that QS-21 
(i.e., the instant carbohydrate derivable from the bark of a 
Quillaja saponaria Molina tree) produced a higher antibody response 
than conventional aluminum hydroxide (page 4 33, column 2, paragraph 
4 and Figure 3), and that Kensil, et al., also teach that the 
immune responses obtained with QS-21, reached a plateau at doses 
between 10-80^ig in mice (page 433, column 1, paragraph 3) . 

The Examiner stated that Marciani et al. teach that the use of QS- 
21 adjuvant was useful because it did not cause a toxic reaction in 
cats (page 93, paragraph 1) . 

The Examiner stated that Uemura et al., (J. Biochem, 79(6); 1253- 
1261, 1976) teach that the ozonolysis and reduction of various 
sphingolipids did not affect the haptenic reactivity of the 
ganglioside derivative with antibodies. 

The Examiner then expressed the conclusion that it would have been 
prima facie obvious to one of ordinary skill in the art at the time 
the invention was made to modify the composition taught by 
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Livingston et al. by conjugating the GM-2 to KLH by covalently 
coupling GM2 to KLH by substituting GM2 for the globoside and KLH 
for the aminoethyl agarose to produce a GM-2 -KLH conjugate by means 
of the olefinic bond of the sphingosine moiety of the GM2 (i.e., 
the instant ceramide double bond) and the e-aminolysyl groups 
present in the KLH protein using the method of Liane et al., and to 
add QS-21 as an adjuvant to the GM-2-KLH conjugate for use as a 
vaccine because the conjugated composition would be expected to 
enhance the IgG response to the ganglioside, as taught by Ritter et 
al. (1991), thus providing the advantages taught by Ritter et al. 
(1991) . The Examiner went on to state that adding the QS-21 would 
be advantageous because it provides for a higher antibody response 
than the commonly used adjuvant used by Kensil et al., and that QS- 
21 provides the advantage that it is not toxic to animals as taught 
by Marciani et al . . The Examiner further opined that it also would 
have been prima facie obvious to use doses of between 10 and 80jxg 
and that to optimize the weight ratio of the components of the 
composition to provide an optimal response is well within the 
ordinary skill in the art, as well as to use the composition as' 
modified supra for treatment of melanoma as taught by Livingston et 
al. (Cancer Research) . The Examiner additionally stated that it 
also would have been prima facie obvious to one of ordinary skill 
in the art to substitute any one of GM3, GD2, GD3 or 0-acetyl GD3 
for the GM2 ganglioside in the composition and method as combined 
supra because they are all prominent cell membrane components of 
melanomas as taught by Livingston et al.(U.S. Patent No. 5,102,663) 
and one of ordinary skill in the art would know they would react 
with the melanoma cells. The Examiner went on to state that it 
would have also been prima facie obvious to one of ordinary skill 
in the art at the time the invention was made to substitute the GD3 
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lactone for the GM2 ganglioside in the composition because GD3 
lactone is more immunogenic than GD3, as taught by Ritter et al. 
(1990) and would be expected to produce an enhanced antibody 
response as compared to GD3 . The Examiner further stated that 
optimization of the dosage, the route of immunization and the 
number of sites of immunization to administer the composition is 
well within the skill of the ordinary artisan. The Examiner stated 
that one would have reasonably expected the conjugation procedure 
to work as substituted because conjugation through the e-aminolysyl 
groups of carrier proteins for enhanced immunogenicity is routine 
in the art. The Examiner further noted that Uemura et al . (J. 
Biochem, 79 ( 6) ; 1253-1261, 1976) teach that the ozonolysis and 
reduction of various sphingolipids did not affect the haptenic 
reactivity with antibodies. 

The combination of references cited to reject applicants 1 claims was 
discussed in detail in Applicants 7 "Amendment In Response to January 
17, 2001 Communication", filed July 23, 2001. In particular, 
Applicants set forth therein the features of the invention which, 
in their view, distinguish claims 121-134 [ sic now renumbered as 
claims 109-122] over the cited references. The comments, and 
arguments in Applicants' July 23, 2001 submission are specifically 
incorporated by reference into the present response and thus will 
not be repeated here. 

In response to Applicants' arguments in the July 23, 2001 Amendment, 
the Examiner characterized Applicants' position in her remarks set 
forth in the Final Office Action dated October 5, 2001, stating in 
this regard that Applicants argue that the combination fails 
because Ritter (1991) fails to teach the means of chemical 
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coupling. The Examiner stated that the means of chemical coupling 
of gangliosides was known to the art, and that the key teaching of 
Ritter (1991) is that one would expect a better response by means 
of coupling the ganglioside to the KLH. The Examiner stated that 
Ritter (1991) provides motivation to make conjugates of 
gangliosides and KLH with the expectation of better immunogenicity . 
The Examiner stated that Applicants misrepresented the Examiner's 
reliance on Ritter (1990) in that Ritter (1990) was cited solely 
for the teaching that GD3 lactone is more immunogenic than GD3 and 
to support the substitution of the lactone for the GD3 as combined 
and was never cited to represent linkage through ceramide. The 
Examiner stated that Applicants' misdirection of the rejection is 
not understood. The Examiner stated that Applicants apparently 
argue teachings not relied upon by the Examiner. The Examiner 
stated that the modification is of the composition of Livingston et 
al., not of Ritter (1991) or Ritter (1990). The Examiner stated 
that Applicants also argue that Liane et al. does not supply what 
is missing from the primary reference. The Examiner stated that 
this is not persuasive, as Liane et al. teaches conjugation by 
means of the C-4 carbon. The Examiner stated that Helline et al. 
(Exhibit A to Applicants' prior response) opined that Liane et al. 
is of limited use to the conjugation of gangliosides to carrier 
proteins because it requires acetylated, methyl ester derivatives 
of gangliosides to avoid coupling via the sialic acid carboxyl 
group. The Examiner stated that in contrast to Helline's statement, 
Liane et al. does not require deacetylation after conjugation with 
aminoethyl-sepharose . The Examiner stated that Helline et al. 
therefore misrepresents the complete teachings of Liane et al. The 
Examiner stated that figure 1, page 4461, provides carbodiimide 
linkage under standard acidic, not basic conditions. The Examiner 
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stated that the deacetylation occurs before the linkage step and 
the protein is not present in basic conditions when substituted for 
the sepharose. The Examiner stated that the teachings of Liane et 
al. (scheme 1) do not reguire decetylation of the sepharose 
conjugate under basic conditions as alleged by Applicants. The 
Examiner stated that, moreover, the use of carbodiimide under the 
conditions of Liane et al. have long been use for coupling of 
peptides to carrier proteins and will not degrade the protein. 

Responding, therefore, to the grounds for rejection as set forth 
above, Applicants submit that independent claim 109 has now been 
amended in its description of the mode of conjugation between the 
ganglioside derivative and the immunogenic protein-based carrier to 
recite means for covalently binding the two moieties which is 
nowhere taught or even suggested in any of the references cited to 
reject the claims of the present application, taken alone or in any 
combination . 

That is, as now amended, claim 109 (i.e., the sole independent 
claim in the application) , is directed to a composition which 
comprises : 

a) a conjugate of i) a ganglioside derivative which comprises 
an unaltered oligosaccharide part and an altered ceramide 
portion comprising an altered sphingosine base, to ii) an 
immunogenic protein-based carrier comprising an e-aminolysyl 
group; 

b) a saponin derivable from the bark of a Quillaja saponaria 
Molina tree; and 
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c) a pharmaceutically acceptable carrier, 

the relative amount of such conjugate and such saponin being 
effective to stimulate or enhance antibody production in a subject, 

wherein the ganglioside derivative is a derivative of a ganglioside 
selected from the group consisting of GM2 , GM3, GD2, GD3, GD3 
lactone, O-acetyl GD3 and GT3 and wherein the immunogenic protein 
based carrier is derived from a protein selected from the group 
consisting of malaria T-cell epitope, an outer membrane protein of 
Neisseria meningitidis, cationized bovine serum albumin, Keyhole 
Limpet Hemocyanin, polylysine and human serum albumin, 

wherein in the conjugate the ganglioside derivative is covalently 
bound to the immunogenic protein-based carrier by a stable amine 
bond between the C-4 carbon of the altered sphingosine base of the 
altered ceramide portion of the ganglioside derivative and the 
nitrogen of the e-aminolysyl group of the immunogenic protein-based 
carrier (emphasis supplied) . 

As pointed out by the Examiner in Paper No. 20, i.e., the Office 
Action mailed April 11, 2000, Liane, et al. (Journal of Biological 
Chemistry, 249 (14) ; 4460-4466 (1974)) teach a method for covalent 
coupling of gangliosides to aminoethyl agarose or amino group 
bearing glass beads by oxidative ozonolysis of the olefinic bond of 
the sphingosine moiety (i.e., the instant carbon double bond of the 
ceramide) and coupling of the carboxyl bearing product to the amino 
group of aminoethyl agarose to the amino group bearing glass beads. 
Thus, as illustrated for example in Fig. 1 of Liane et al., the 
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coupling is through a carbon which forms part of a C=0 group. 

In contrast, and as noted above, claim 109 as amended now 
specifically states that the ganglioside derivative of the 
composition of the present invention is covalently bound to the 
immunogenic protein-based carrier by a stable amine bond between 
the C-4 carbon of the altered sphingosine base of the altered 
ceramide portion of the ganglioside derivative and the nitrogen of 
the 6-aminolysyl group of the carrier, which arrangement is nowhere 
taught or even suggested in the subject Liane, et al. reference. 

As the presently claimed mode of linkage is thus neither taught nor 
suggested by the Liane et al. reference, nor any of the other 
references cited in combination with Liane et al. to reject the 
claims of the present application, Applicants respectfully submit 
that the invention as now recited in (amended) claim 109, as well 
as the claims which depend therefrom, is not obvious to one of 
ordinary skill in the art. Thus, the rejection of claims 109-122 
under 35 U . S . C . §103 (a) should be reconsidered and withdrawn. 

Supplemental Information Disclosure Statement 

In compliance with their duty of disclosure under 37 C.F.R. §1.56, 
Applicants direct the Examiner's attention to the following 
references, which are listed on accompanying Form PTO-1449 ( Exhibit 
2) , copies of which are attached hereto as Exhibits 3-4. 



Wiegand, et al., U.S. Patent No. 5,599,914, issued 
February 4, 1997, filed November 24, 1989 (Exhibit 3). 
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Fiume, L. et al., Critical Reviews In Therapeutic Drug 
Carrier Systems, 4 ( 4 ) : 265-284 , 1998 (Exhibit 4). 

These references were cited in Office Actions dated August 27, 2002 
issued in two related applications (i.e., Serial No. 08/477,097 and 
Serial No. 08/475,784, respectively) to the present application. 
Applicants maintain that the subject references neither disclose 
nor suggest the invention claimed in the present application, 
whether viewed alone or in combination with any other (s) of the 
cited references. 

In accordance with 35 C. F. R. §1 . 97 (e) (2) the undersigned certifies 
that no item of the information contained in this Information 
Disclosure Statement was cited in a Communication from a foreign 
Patent Office in a counterpart foreign application, and to the 
knowledge of the undersigned after making reasonable inquiry, no 
item of information contained in this Information Disclosure 
Statement was known to any individual designated in 36 C.F.R. §1.56 
(C) more than three months prior to the filing of this Information 
Disclosure Statement . 

No fee under 37 C.F.R. §1.97 (d) is believed to be due for the 
filing of this Information Disclosure Statement since the filing of 
the present response under 37 C.F.R. §1. 129(a) serves to withdraw 
the finality of the October 5, 2001 Office Action. Thus submission 
of the subject references is being made under §1. 97(c). If any fee 
is due, however, authorization is hereby given to charge the 
required amount to Deposit Account No. 03-3125. 
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Summary 

For all of the reasons set forth hereinabove, Applicants 
respectfully request that the Examiner reconsider and withdraw the 
various grounds of rejection, and earnestly solicit the allowance 
of claims 109-122 presently pending in this application. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, Applicants' attorneys invite 
the Examiner to telephone at the number below. 

A $720.00 fee for a four month extension of time, together with a 
fee of $370.00 for filing this submission under 37 C.F.R. 
§1. 129(a), for a total fee of $1090.00 is deemed to be necessary in 
connection with this filing. A check in the amount of $1090.00 is 
therefore enclosed. Should any additional fee(s) be due, 
authorization is hereby provided to charge the amount due to 
Deposit Account No. 03-3125. 

Respectfully submitted, 



I hereby certify that this correspondence 
is being deposited this date with the U.S. 
Postal Service with sufficient postage as 
first class mail in an envelope addressed 
to: Assistant Commissioner for Patents, 
Washington, D.C. 20231. 

John P.^White 1/ !Dafe 

Reg. No. 28,678 

Mark A. Farley 
Reg. No. 33,170 



John P. White 
Registration No. 28,678 
Mark A. Farley 
Registration No. 33,170 
Attorneys for Applicants 
Cooper & Dunham, LLP 
1185 Avenue of the Americas 
New York, New York 10036 
(212) 278-0400 
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Exhibit 1 



Amended Claim 



--109. (amended) A composition which comprises: 

a) a conjugate of i) a ganglioside derivative which 
comprises an unaltered oligosaccharide part and an 
altered ceramide portion comprising [a] an altered 
sphingosine base, to ii) an immunogenic protein-based 
carrier comprising an e-aminolysyl group ; 

b) a saponin derivable from the bark of a Quillaja 
saponaria Molina tree; and 

c) a pharmaceutically acceptable carrier, 

the relative amounts of such conjugate and such saponin being 
effective to stimulate or enhance antibody production in a' 
subject, 

wherein the ganglioside derivative is a derivative of a 
ganglioside selected from the group consisting of GM2, GM3, 
GD2, GD3, GD3 lactone, O-acetyl GD3 and GT3; and wherein the 
immunogenic protein-based carrier is derived from a protein 
selected from the group consisting of malaria T-cell epitope, 
an outer membrane protein of Neisseria Meningitidis,' 
cationized bovine serum albumin, Keyhole Limpet Hemocyanin, 
polylysine and human serum albumin; 

wherein in the conjugate the ganglioside derivative is 
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[conjugated] covalently bound to the immunogenic protein-based 
carrier by a stable amine bond between the [through a] C-4 
carbon of the altered sphingosine base of the altered ceramide | 
portion of the ganglioside derivative and the nitrogen of the 
e-aminolysyl group of the immunogenic protein-based carrier . — \ 
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ABSTRACT 



The invention relates to the chemical modification of the 
sphingoid portions of glycosphingolipids. It has been pos- 
sible by a series of reactions to introduce an amino group in 
the position of the carbon double-bond in the sphingoid 
portion after elirriiriation of the long-chain aldehyde. Gly- 
cosphingolipids of the formula (2) and (3), where X and Y 
denote a group capable of coupling, are suitable for coupling 
to other molecules, preferably proteins. X preferably repre- 
sents NH 2 , and Y preferably represents 
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GLYCOSPHINGOLIPIDS WITH A GROUP 
CAPABLE OF COUPLING IN THE 
SPHINGOID PORTION, THE PREPARATION 
AND USE THEREOF 

5 

The invention relates to the chemical modification of the 
sphingoid portions of glycosphingolipids. It has been pos- 
sible by a series of reactions to introduce an amino group in 
the position of the carbon double-bond in the sphingoid 
portion after elimination of the long-chain aldehyde. JO 

Glycosphingolipids (formula I) are plasma membrane 
lipids which are composed of a hydrophilic carbohydrate 
portion and of a hydrophobic ceramide portion. The cera- 
mide portion is composed of sphingosine, a long-chain 
amino alcohol and a fatty acid bonded as amide. 



coupling is also relevant for problems in basic research, for 
example glycosphingolipids coupled to reporter enzymes 
can be employed in histochemical investigations, for 
example for characterizing mammalian lectins as receptors 
for glycosphingolipids. 

The invention shows that an amino group can, by the 
reactions described below, be introduced as functional group 
into the sphingoid portion of glycosphingolipids after elimi- 
nation of a -long-chain aldehyde. During this the glycosidic 
bonding of the carbohydrate portion to the ceramide portion 
remains unchanged. 



CH 3 



Sphingosine 




Fatty acid 



I 

CERAMIDE PORTION 



a) 



CH 2 -Q -| GLYCOSYL 



CARBOHYDRATE 
PORTION 



Glycosphingolipids are anchored with this double-tailed 
hydrophobic portion in the outer plasma membrane in such 30 
a way that their oligosaccharide chains project into the 
extracellular space. 

Despite intensive research work, the biological function 
of glycosphingolipids is not yet accurately known; however, 
they appear to play a part in the regulation of cell growth and 35 
diflerentialioa Findings which show that, in particular, 
glycosphingolipids containing sialic acid, gangliosides, 
occur in a relatively large amount on some tumors of 
neuroectodermal origin, whereas they are expressed in 
smaller amounts on normal tissue, have attracted interest to 40 
them as tumor-associated antigens for tumor diagnosis and 
tumor therapy. 

The carbohydrate portion is of particular interest in this 
connection. It has already been shown (German Patent 
Application P 38 37 623.7) that appropriate sialyl-sugars 45 
isolated from a source such as cow colostrum and coupled 
to a carrier protein are able to imitate epitopes of ganglio- 
sides: monoclonal antiganglioside antibodies react with 
these neoglycoproteins. 

In order to be able to establish a more universal targeted 50 
coupling which can be applied to all glycosphingolipids, 
chemical modification of the sphingoid portion of glycosph- 
ingolipids is necessary for further work in this area. This 
relates to the preparation of synthetic glycosphingolipid . 
vaccines. In addition, the introduction of a group capable of 



The introduced amino group makes a number of further 
reactions possible, for example coupling to heterobifunc- 
tional reagents for the synthesis of glycosphingolipid con- 
jugates and the use thereof as synthetic vaccines in the 
therapy of tumors of neuroectodermal origin. 

Besides the introduction of an amino group, there is also 
the possibility of reacting the intermediate (which carries an 
aldehyde group) directly with other molecules carrying 
groups capable of coupling, for example amino groups of 
proteins, coupling reagents etc. It has to be remembered in 
the reactions that the intermediate with the aldehyde group 
is not very stable and the carbohydrate portion is eliminated 
in an alkaline medium. 

The principal reactions for introducing the group capable 
of coupling at the position of the carbon double-bond in the 
sphingoid portion arc as follows: 

1. The abovementioned double-bond is cleaved by ozone 
(H. Wiegandt and G. Baschang, Z. Naturforschung 206, 
(1965), 164-166) and the methoxy hydroperoxide deriva- 
tives which arc formed in methanol as intermediates (H. 
Wiegandt, Ang. Chem. Intl. Ed 7, (1968) 87-96) are 
reduced to the aldehyde by addition of dimethyl sulfide 
(Pappas et al., Tetrahedron Letters, 36 (1966), 4273-4278). 
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OH 




The resulting compound is stable only in neutral and 
acidic media; the carbohydrate portion is eliminated in an 
alkaline medium. 

2. After removal of the long-chain aldehyde by extraction 25 
by shaking in hexanc, subsequently the ozonolysis product 
is reductively aminaied in methanol with the addition of 1M 
ammonium acetate and sodium cyanoborohydride (Wie- 
gandt and Ziegler, Hoppe-Seyler's Physiol. Chem. 355, 
(1974), 11-18). 



Accordingly, the invention relates to glycosphingolipids 
with a group capable of coupling in the position of the 
carbon double-bond, there being elimination of a long-chain 
aldehyde while the molecule remains otherwise intact and, 
in particular, the glycosidic bonding of the sugar portion is 
retained, and the group capable of coupling preferably being 
an amino group or an aldehyde group, and to processes for 
the preparation thereof and to the use thereof for coupling to 
suitable reactants and as ingredient of pharmaceuticals. 



OH 




^ JL^. CHi— o— Tglycosyl I 



CHa — O— [~GLYOOS YL I 



All the reaction steps take place with a very high yield 50 
and can be followed by thin-layer chromatography: the 
mobile phase is cWoroform/methanol/water (65:25:4). The 
reaction products are detected on the thin-layer chromatog- 
raphy plates with iodine vapor or ninhydrin or fluoram and 55 
orcinol spray reagent 

The reductively aminated ozonolysis product is ninhy- 
drin- and fluoram-positive on the thin-layer chromatography ■ 

60 

plate and can be reacted completely with reagents specific 
for amino groups, such as fluorodi nitrobenzene (Sanger's 
reagent), (Itasaka and Hon, J. Biochem. 85, (1979), 
1469-1481) or SPDP (N-sucrimmidyl 3-(2-pyridyldithio- 
)propionate) (Carlsson et al., Biochem. J. 173, (1978), 
723-737). 



The invention is northermore disclosed in the example 
and the patent claims. 

EXAMPLE A 

1. Ozonolysis 

In a typical reaction mixture, 6 mg of cerebroside (galac- 
tosylceiamide) were dissolved in 5 ml of methanol and the 
mixture was ozonolysed (1 bubble/sec) at room temperature 
until unconsumed ozone was indicated by the violet color of 
the KJ/starch detection solution. 

2. Reduction to the aldehyde 

The mixture was subsequently gassed with nitrogen, 30 ul 
of dimethyl sulfide were added, and the mixture was left to 
stand overnight. After the solution had been concentrated in 
a rotary evaporator without heating, the long-chain aldehyde 
liberated in the ozonolysis was removed by extraction by 
shaking in hexane (3x2 ml). 
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3. Reductive aminauon of the ozonolysis product 

The residue from the extraction was dissolved in 4 ml of 
1M ammonium acetate in methanol, 15 mg of sodium 
cyanoborqhydride were added, and the mixture was boiled 
under reflux at 80° C. for 4-5 hours. 

The reductively aminated ozonolysis product was subse- 
quently desalted and purified by reversed phase (RP18) 
chromatography and small silica gel coles. 

4. Reaction of the reductively aininated ozonolysis prod- 
uct with fluorodinitrobenzene 

An aliquot of the reductively aminated ozonolysis product 
was dissolved in 500 ul of methanol, and 4 drops of 
uicthylamine and 20 ul of 5% fluorodinitrobenzene in 
ethanol were added to the mixture. The reaction was carried 
out in 1-2 hours at room temperature, shaking occasionally. 

The resulting dinitrophenyl derivative was immediately 
identifiable because of its yellow color on the thin-layer 
chromatography plate (HPTLC plate, silica gel 60 (Merck, 
Darmstadt); mobile phase: chloroform/methanol/water, 
65:25:4). 

EXAMPLE B 

Coupling of reductively aminated ozonolysis products of 
the gangliosides GM3, GD3, GM2 and GM1 to human 
serum albumin (HSA) by means of the heterobifunctional 
coupling reagent N-succinirnidyl 3-(2-pyridyldithio)propi- 
onate (SPDP); synthesis of conjugates with a derivatization 
level of 16-18 ganglioside derivatives per HSA molecule 

1. Preparation of the reductively aminated ozonolysis 
products of the gangliosides GM3, GD3, GM2 and GM1 
The preparation was carried out as described for cerebroside 
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2. reaction of the reductively aminated ozonolysis prod- 
ucts with SPDP 

3. reaction of HSA with SPDP 

4. reduction of the HSA-SPDP derivative 

5. coupling of the ganglioside derivative to the protein 
derivative and the corresponding detection methods substan- 
tially correspond to the method of J. Carlsson et al. (1987) 
Biochem. J. 173, 723-737 and as proposed in Patent Appli- 
cation DE P 38 37 623.7. Steps 2. and 3. were carried out in 
0.1M sodium phosphate buffer, pH 7.5, with a 3- to 5-fold 
molar excess (based on free epsilon-aminolysyl groups in 3.) 
of SPDP. The removal of the protein-SPDP derivative from 
3. was carried out on a Sephadex G-25 column which was 
eluted with the buffer for the subsequent reactions (0.1M 
sodium phosphate buffer, pH 6, 5 mM EDTA). The ganglio- 
side derivatives reacted with SPDP were purified by 
reversed phase (RP18) chromatography. The individual 
intermediates were identified by thin-layer chromatography 
on the basis of the change in the migration behavior on silica 
gel G-60 plates in the mobile phases chloroform/methanol/ 
0.2% aqueous calcium chloride (65:25:4) or (50:40:10). 

Step 4. was carried out as follows: 

The disulfide bridges newly introduced in the HSA-SPDP 
derivative by the derealization were reduced, with the 
addition of 25 mM dithiotbrietol, in 0.1M sodium phosphate 
buffer, pH 6, 5 mM EDTA, with the elimination of 2-thi- 
opyridone. The native disulfide bridges in the protein are not 
reduced under these reaction conditions. The reaction was 
carried out at room temperature, and the reaction time was 
1-2 hours. 
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under 1.-3. in Example A. Mass spectrum analyses of the 
GM1 and GM3 derivatives confirmed the expected struc- ^ 
ture. 

Subsequent reaction steps: 



The reduced HSA-SPDP derivative was removed on a 
Sephadex G-25 column with 0.1M sodium phosphate buffer, 
pH 6, 5 mM EDTA as eluting buffer. 



5,599,914 



10 



It was possible by reacting SPDP with excess HSA to 
prepare specific HSA derivatives with a desired derealiza- 
tion level. 

The ganglioside derivatives were reacted with HSA which 
was derivatizcd with 16-18 SPDP molecules. Reaction was 5 
complete; the derivatization level of the coupling product 
was 16-18 ganglioside derivatives (each of the gangliosides 
GM3, GD3, GM2 and GM1) per HSA molecule. 

The specific procedure for the coupling (reaction step 5.) 
was as follows: 

Reduced HS A-SPDP derivative was immediately reacted 
with the ganglioside-SPDP derivative. The ganglioside- 
SPDP derivative was employed in a 1-5-fold molar excess 
based on epsilon-aminolysyl groups in the protein, and the 
reaction lime was 24-48 hours at room temperature. 

We claim: 

1. A process for the preparation of a compound of the 
formula (III) 



OH (QI) 20 

H 2 N^^I^ CH 2 — O— GLYCOSYL 

CH 3 N 



wwwwwyH 



25 



in which glycosyl is the carbohydrate portion of GM3, GD3, 
GM2 or GM1, which comprises oxidizing a glycosphin- 
golipid of the formula (I) 



OH 

aaaaaaaA/ 

H3C I 



CH 2 — O— GLYCOSYL 



0) 



30 



H 3 C 



N 
H 



wwwwwy 



35 



8 



with ozone, and subsequently reducing the reaction product 
of said oxidizing to a compound of the formula (II), 



OH (II) 
CHi-O- GLYCOSYL 



CH 3 




wwwwwyH 



and further comprising the reductive amination of said 
compound of formula (II) wherein glycosyl is as defined 
above, with an alkali metal cyanoborohydride. 

2. The process as claimed in claim 1 which further 
comprises coupling a compound of formula (HI) through the 
amino group — NH 2 resulting from said reductive amination 
to another moiety. 

3. The method as claimed in claim 2 wherein the other 
moiety is selected from a heterobi functional reagent and a 
protein. 

4. The method as claimed in claim 2 wherein the other 
moiety is a heterobifunctional reagent. 

5. The method as claimed in claim 2 wherein the other 
moiety is a protein. 

6. A pharmaceutical which contains a pharmaceutically 
effective amount of a compound produced by the process of 
claim 1 coupled to a heterobifunctional reagent 

7. A pharmaceutical which contains a pharmaceutically 
effective amount of a compound produced by the process of 
claim 1 coupled to a protein. 

8. The process as claimed in claim 1 wherein the reaction 
product is reduced by addition of dimethyl sulfide. 
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I. INTRODUCTION 

.k* ci^P effects of drues would be reduced by introducing 

increase the chemotherapeutic index of the ^'^^T^^^ (3 ) neither toxic 
should be (1) transferred into the lysosomal "^XaniVsS 
nor immunogenic, and (4) penneable to ^^^^L -die P H. The 
site and the target. ^^^^^SSLm J extracellular spaces, (2) 

the drug can be released in an active fonn_ experiments in which this 

The purpose of th,s review ,s to describe _ and ^^^J* were conjugate d 
chemotherapeutic strategy was applied to antivi a dru 1 1 f ^ E in . Barr virus 
with albumin, galactosyl-terminating t^^^^^^^ directed to 
(EBV) antigen, and horseradish P^^S^^ ^ng.ion neurons. The 
liver macrophages, hepatocytes, 1 EBV-infcW ce " addressed conjugates prepared with 
majority of experiments were ^performed w * l ^y^ridS? * the treatment of 
the aim of increasing the chemotherapeutic ^^^^iS* drugs is an appro- 
chronic hepatitis B virus (HBV) infection. Carner-media e^ LSTtoftTfl) the bulk of 
priate chemotherapeutic approach to the treatme* of "JJ^J ^ has been 

are not a barrier for proteins. 

II. ALBUMIN CONJUGATES 

Targeting of antiviral drugs was — £ ^"SSX» — 

idea of concentrating antiviral agents in these cells arose " oni neutralizing this toxin, 3 
al bumin conjugate, prepared with the aim o ob« fining emm dMtA 
selectively damaged (in vitro-' and ,n vivo Jj^^^^i^. In these cells, 



. II 

Mill" 
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■ „a « The conjugate probably exerted its damaging effect by releasing the toxin 
,t,n poisoning- The conjug rte proo y ^ lysosomes . 6 ^ 

after penetration into the eel s and c ea ag ^ F ^ ^ ^ 

possibility was considered, • therefore, tnat otner g n 

replication of DNA viruses n mac ™P n<1 S ^ albumin. Two 

divide,'" and without affecting prohferat.ng ^ , ^*^^ P anbiBoto 
inhibitors of DNA synthesis - 5-fluorodeoxyundme ^^-(dimethyl- 
C) _ were con^ to ^^^i ^d that FUDR, 

in L-929 cells or mouse peritoneal -acrop^ ^^S^S^ the action of 

FUDR and ara-C moieties. The drugs were "J_*f ^ ^ t be phospho- 

link ing them ^J^^^^^^ 22- Ec'tromelia 
rylated for the drugs to be able 

virus were chosen as an experimental mo^ ftl^avenousVy into mice, is ingested mainly by the 
in vivo. 2 Ectromelia virus, when injec ted '^venous V ' nt0 m nei g hboring hepatocytes 
Kupffer cells where it replicates. After about 12 hr, . also infects neign g ^ 
whfch in turn infect more hepatic cells ^^^STvSLfSlLl —^SrSer infection 
ara-C injected into mice at the ^.^^^^^L^ i- *>ses 15 

which the replication of virus is restrict ed to Kupffer ceUs ^ 
protein earners. 

Ill GLYCOPROTEIN CONJUGATES 

hepatic cells. 

7. Conjugate with Trifluorothymidine . .^ virus gr0W th, J ' was linked to 

Trifluorothymidine (F 3 T) , a ^^J^^ ^^Z^Li coupled via its 

- -ance of ^ 
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labeled AF from the blood of mice was inhibited to the same extent by F,T-AF or by an 
e^n^Tof nonconjugated AF. The ability of the conjugate to se ecttvely deliver F,T 
to liver cells was studied by determining its effect on DNA synthesis ,n liver and bone 
marrow of mice 44 hr after the intravenous (i.v.) administration of Ectromelia virus (2 x 
bright). At this time after infection, the incorporation of deoxynbonucleosjdes 
mo hepatic DNA, which in normal mice is poor and takes place mainly in smuso.dal cells, 
rmcreased four io six times,- and the newly synthesis liver DNA hybridizes wuh vira 
DNA » Electron microscopic observations demonstrated that the number and stze of v.ral 
factories as well as the number of viral particles they contain were se vera fmes h'gher ,n 
parenchymal than in sinusoidal cells." Therefore, at this point of infection, the large* 
amount of deoxyribonucleoside incorporation into liver DNA is presumably because of virus 
DNA synthesis, most of which occurs in hepatocytes. k K , „„ 

As snown in Figure 1 at the three lower doses, F,T coupled to AF caused an .nh.b.t.on 
of DNA synthesis fa liver more than three times higher than that produced by the fijedrug 
On the contrary, the percentage of inhibition in bone marrow was similar either when FJ 
w s administered coupled to AF or as a free drug. These resu .Its -d'cate that after .meet on 
of the conjugate, F 3 T was concentrated in liver in a pharmacologica ly active fom. Evidence 
has shown that the inhibition of DNA synthesis in bone marrow of mice injected wtth F,T- 
AF was due to F,T released from the conjugate in liver escaping from hepatic cells into the 
blood as a free drug. 16 

2. Conjugates with 9^-v-Arabinofuranosyladenine (ara-A) and Its 5' -Monophosphate (arc 

^subsequent experiments," AF was conjugated with 9-P-D-arabinofuranosyladenine (ara- 
A)^cause q in the Meantime this drug was reported to suppress HBV growth.- In chronic 
hepatitis B, ara-A and its 5 '-monophosphate (ara-AMP)* are effective ,n ^^T" 
of HBV replication and, in a significant proportion of patients flu. f£i?3£2? 
with clinical and biochemical evidence of improvement in liver disease • However, 
ara-A and ara-AMP also produce dose-dependent side effects, mostly neurological disturb- 
ances which often necessitate discontinuation of their administration • 

Two different types of conjugate were prepared. In the first, ara-A glutarate was linked 
to AF via its hydroxysuccinimide ester. The conjugated material (ara-A-glut-AF) emerged 
from a Sephadex G-75 column in two peaks (A and B). Peak A contained oligomers of AF 
whereas peak B contained the monomeric form of AF. The molar ratio of ara-A to AF in 
both conjugates (A and B) was 8. The second type of conjugate was prepared by coupling 
ara-AMP to AF by the use of ECDI in an acidic medium ( P H about 5) The mob. f ratio .off 
ara-AMP to AF in 3 preparations of ara-AMP-AF conjugate (I, II. and III) ranged from 3 5 
to 4 Table 1 shows that free ara-A and ara-AMP administered to Ectromelia virus-infected 
mice, during the phase of virus replication in hepatocytes, produced a greater inh.biUon of 
DNA synthesis in intestine than in liver. On the contrary, ara-A-glut-AF and ara-AMP-AF 
inhibited DNA synthesis in liver without producing any significant inhibition in the intestine^ 
A comparable inhibition of DNA synthesis in the liver was obtained with doses of conjugated 
ara-A and ara-AMP two to four times lower than those of free drugs. These results indicate 
that targeting of ara-A and ara-AMP was accomplished in liver by using these conjugates. 
In the case of ara-AMP-AF, the ester bond linking the phosphate to ara-A may be broken 
down in hepatocyte lysosomes so that it cannot be excluded that the drug released from this 
conjugate is, at least in part, ara-A. 

• Because of very limited solubility. ara-A needs to be administered by continuous i.v. infusion. ara-AMP ii .a. 
taSrX) to? more water soluble and is therefore suitable for intramuscular (i.m.) admm.strat.on. ara-AMP 

shares the same metabolic pathway as ara-A. 27 
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FIGURE 1 . Inhibition of DN A synthesis by free F 3 T O or 
F 3 T coupled to AF (•) in liver and bone marrow of Ectromelia 
virus-infected mice. For each dose of free and conjugated F 3 T, 
two or three experiments were performed. Results (dpm/mg 
DNA) were statistically evaluated by means of Student's /-test. 
The difference between deoxy-[5- 5 H]-cvtidine incorporation into 
liver DNA in mice treated with free F 3 T or F 3 T-AF was statis- 
tically significant for F 3 T doses of 0.07, 0.15, and 0.3 jig/g 
body weight (p < 0.00!, 0.05, and 0.001 for the 3 doses, 
respectively). The difference was not statistically significant (p 
> 0.05) for the F 3 T dose of 1.2 p.g/g body weight. The dif- 
ference was not statistically significant for all the F 3 T doses in 
bone marrow. (From Fiume, L., Mattioli, A., Balboni, P. C, 
Tognon, M., Barbanti-Brodano, G., De Vries, J., and Wieland, 
Th., FEBS Lett. , 103, 47, 1979. With permission.) 



B. Lactosaminated Albumin Conjugates 

A drawback of clinical use of AF conjugates of ara-A and ara-AMP is their immunoge- 
nicity. These conjugates are strong inducers of antibodies 46 which can both inactivate the 
conjugate and produce allergic lesions. This problem may be overcome by using lactosa- 
minated homologous albumin as hepatotropic carrier of the drugs. Some years ago it was 
suggested 47 that a protein may be made to penetrate into a cell which it does not normally 
enter by itself by coupling it with a small molecule for which a specific binding site exists 
on the cell membrane. This hypothesis received support from independent experiments which 
showed that proteins, after coupling to small sugar molecules, penetrate selectively into cells 
which possess surface receptors for the coupled carbohydrates. I9 - 48 ' 50 In this context, it was 
found that galactosylated proteins, e.g., lactosaminated serum albumin (L-SA), specifically 
enter into hepatocytes after binding to the receptor for galactosyl-terminating glycopro- 
teins. 48 - 51 In L-SA, galactosyl residues are attached to albumin by reductive lactosamination 
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Table 1 

INHIBITION OF DNA SYNTHESIS IN LIVER AND INTESTINE OF 
ECTROMELIA VIRUS-INFECTED MICE AFTER INJECTION OF 
FREE OR CONJUGATED ara-A AND ara-AMP 

Inhibition of DNA synthesis 
(%) 

ara-A administered 



Experiment 
no. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 



Compound 
injected 

ara-A 

ara-A 

ara-AMP 

ara-AMP 

ara-AMP 

ara-A-glut-AF(A) 

ara-A-glut-AF(B) 

ara-A-glut-AF(B) 

ara-AMP-AF(I) 

ara-AMP-AF(II) 

ara-AMP-AF(II) 

ara-AMP-AF(Hl) 



ol/g body wt) 


Liver 


Intestine 


13.1 


42 p < o.oor 


60 p < 0.001 


18.7 


58 p < 0.005 


68 p < 0.001 


8.6 


57 p < 0.005 


60 p < 0.001 


17.2 


66 p < 0.001 


77 p < 0.001 


34.5 


77 p < 0.001 


89 p < 0.001 


5.6(33) b 


38 p < 0.02 


15 NS 


1.9(11) 


26 p < 0.05 


8 NS 


5.6(33) 


43 p < 0.01 


16 NS 


1.8(22) 


38 p < 0.005 


0 


1.1(15) 


44 p < 0.001 


0 


2.2(30) 


59 p < 0.001 


19 NS 


2.8(42) 


53 p < 0.005 


13 NS 



• Results were statistically evaluated by means of Student's f-test. The difference was consid- 
ered no statistically significant (NS) for P > 0.05. 
" In parentheses is the amount of conjugate injected (u.g/g body wt). 

From Rume, L., Mattioli. A.. Busi, C. Balboni. P. G., Barbanti-Brodano. G.. De Vries, J., 
Altman. R., and Wieland, Th.. FEBS Lett., 1 16. 185. 1980. With permission. 

of e-NH, lysine groups in the presence of the cyanoborohydride anion which selectively 
reduces me imminium salt formed between the aldehydric group of lactose and the lysine 
residues of the protein. 

/. Conjugates with ara-AMP 

""Sfn^frrnplexes of lactosaminated albumin with ara-AMP (type I L-SA-ara-AMP) 
were obtained" 54 by using L-SAs with 20 to 30 galactosyl residues and following the same 
procedure employed in the conjugation with AF*." ^™^™^JZ%£ 
with homo- or heterologous L-SA were taken up selectively by the l.ver in «*™*™- 
after injection of these conjugates, labeled in the protein moiety by means of [ H] formal- 
dehyde the values of both acid-insoluble and acid-soluble radioactivities were several times 
higher in this organ than in spleen; bone marrow, intestine, and brain.* In liver cells, ara- 
AMP (or ara-A) was released free from the conjugate with consequent hepatic targeting of 
the drue 23 54 This was demonstrated in Ectromelia virus-infected mice in which, as shown 
bv Figure 2 coupled ara-AMP produced a significant inhibition of DNA synthesis only in 
liver, whereas the free drug inhibited DNA synthesis in liver, intestine and bone marrow. 
In contrast to conjugates prepared with AF or heterologous lactosaminated albumin, the ara- 
AMP conjugate prepared with homologous L-SA and administered either subcutaneously 
(s.c.) in complete Freund's adjuvant or infused i.v. was completely devoid of humoral and 

cellular immunogenicity at least in mice. 46 crt , M K;iitv which 

A drawback of type I L-SA-ara-AMP conjugates was a rapid loss of solubility wh ch 
occurred because of polymerization after lyophilization .» Polymerization was caused by the 

• In the L SA-ara-AMP conjugates, the molar ratios of lactose to SA and ara-AMP to SA ^ ■ ndica,ed * 
y^ZlS*. U-SA-ara-AMP.0 is a conjugate with a molar ratio of .actose to SA of 28 and of ara- 
AMP to SA of 10. 
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FIGURE 2. Effect of free ara-AMP (I) and La-rKhumanJSA-ara- 
AMP. (ID on [methyl-'H) thymidine incorporation into DNA in liyer 
(□), intestine (A), and bone marrow (•) of Ectromelia vtrus^nfected 
mice ara-AMP and L,,-HSA-ara-AMP$ were injected i.v. at doses of 
7 5 and 35 p.g/g body weight, respectively; 35 p-g conjugate contains 
14 ara-AMP. Results (dpm/mg DNA) were statistically evaluated .- 
by means of Student's .-test. ( + ) means that the difference between 
[methyl-'H] thymidine incorporation into DNA in treated and control 
mice was significant (p<0.05). (From Hume, L., Mattioh, A ... Bus., 
C and Accorsi, C. Cut. 25, 1392. 1984. With permisston.) 

protein aggregation. 

b. Type II Conjugate L-SA-ara-AMP 
SKEStf* T2££Z* b, modifying *e m ediu m of „** -con. 
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FIGVJRE 3. Acid-insoluble radioactivities in plasma of mice Nect'd i_v 
with conjugates (52 w/g) labeled in the albumin (•) or the drug mo,e y «> 
Each point represents the mean value of results from four m,ce. Verucd ^bare 
denote S.E. (From Fiume, L., Bassi, B.. Busi. C, Mamoh. A., and Sp.nosa, 
G., Biochem. Pharmacol., 35, 967, 1986. With penmssion.) 

,. u , „f i <!A ara-AMP conjugate used in the experiments reported below 

residues in the carrier L-SA employed ^ ^l^parations, 

obtaining this conjugate was descnbed b ^Ftume et al. In^ P < * 

the molar ratio of drug to earner ranged from 12 o 15. N«ftoMne so. 

ratio was decreased when the conjugate was kept in a lyophihzed sta : at 0 to 4 c p 

lo 1 year (maximum inte^ 

o M amp To te<it whether only one or both ot these linKages <muw a ia F 

mate it a hepalolropic carrier which was subsequently coupled to ara-AMP. >" ™ s ™™P"* 
TotX^L) "-AMP1. »»'y ^.ge was between the phosphate of 

he'nathc ceUs "s indicated by SDS gel electrophoresis, type II conjugate was composed 

r on ^t\o the tipe' I conjugate in which a further polymerization takes place after lyopht- 

lization (see above). 
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F1GURE 4. L*-HSA-bound radioactivity and coupled ara- 
AMP (as determined by RIA) in plasma of mice injected i.v. 
with U-HSA-araPHlAMP, and WHSA-ara-AMP respec- 
tively . The dose of conjugate was 35 ^g/g body weight. (From 
Hume, L.. Balboni, P. O.. Bassi B Busi C Mauioh A 
and Spinosa. G.. Pham. Acta Helv.. 61. 342, 1986. With 
permission.) 

S W d ie s on ft. p^co^Ucs and f^R'S 

,g„>, than ara-A am are-AMR b VaMmwHt&n**'* (RIA). was 

a xap Kr.nnH tn 1 -HSA was not deam mated in mouse plasma. The resistance 01 coupic 

galWl-tenJnating glycoproteins; it inhibited the ^appear»ce of [< C] AF from 
blood of mice to the same extent as did the nonconjugated earner. 
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FIGURE S. <«£ESZS^""*~ 

i'r» es ; sr-i; 35. - - 

Figures 5 andT^ organ distribution of 
Je'S coupled ara -p.J- H] AMP- £ — ^J^L; higher value, were found 
radioactivity was equally ^"^"^^S^, the values of both acid-soluble and 
in kidney. In mice ^^J^^St^ than in the other organs.* Also in 
acid-insoluble radioactivities were much w^rin ^ and ac i d -insoluble ra- 

Sf injected i.v. with the radioacuve W^jSta, splee „, and kidney Thj 
dioactivities were several times higher in , liver m ^ ^ ^ by 

distribution of the conjugate ^^^J^^^coa^roM^^ 
collagenase perfusion according to Seg ^JJ 1 ^ HSA « ^ 4). These expenments 
Ljo-HSA, AF, HSA, and a complex of ara AMP fey h tocytes . The 

were performed in order to in parenchymal than u> sinusoidal 

concentration of L W -HSA resulted seven umes ^h, ' ^ ^ Con j Ugatl0 n 

cells; on the contrary the concen rauon of AF wa . eq ^ did ^ d 

with ara-AMP increased the U P^^^2 SA WMP„ was practically equal in 
that by hepatocytes. The ^^^ffuptake of the conjugate by whole liver 
both cell types. This finding showed f"^*^,^, t0 . high conjugate concen- 
was not due mainly to sinuso ,da l ed *™ J*^^ should be targeted in chrome 
tration in hepatocytes, which are : the ^^ rC ^ S ™ was released from the conjugate in a 
hepatitis B treatment. In hepatic ^ceU ^ virU s hepatitis, this 

pharmacologically active ^^T^J^ producing significant inhibition m m- 
conjugate inhibited DN A synthesis , .live J «hout P p at 

testine and bone marrow (Figure 7 . The ^ liver «** ^ fey ^ d 

^^^^^^^^ 
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Table 3 

EFFECT OF L^-HSA-ara-AMPu ON PLASMA 
DISAPPEARANCE OF [ ,4 C]AF 

Compound injected with ["C]AF Plasma (dpm/200 n€) 



None 
HSA 
AF 

Ljo-HSA 

L3o-HSA-ara-AMP 14 



3,658 ± 621 
3.520 ± 501 
9,106 ± 1,022 
9,470 ± 1,370 
11,185 ± 1,105 



Note: 



Fetuin was enzymatically desialylated. AF was labeled with 
[ ,4 C] formaldehyde. Femal Swiss mice weighing 28 to 30 g 
were injected i.v. with 2 ng/g[ u C]AF (4.9 x 10* dpm/mg). 
HSA AF. U-HSA, and the conjugate were administered i.v. 
simultaneously with ['«C]AF at 2 ng/g body wi. In all cases, 
the volume injected was 10 \itlg. After 10 min, animals were 
bled from retroorbital plexus under ether anesthesia, and the 
radioactivity of plasma was measured. Each entry represents 
the mean value ± S.E. of results from 10 animals. 

From Fiume, U Bassi. B.. Busi, C, Mattioli. A., and Spinosa, G.. 
Biochem. Pharmacol, 35, 967, 1986. With permission. 

The conjugate appears to be devoid of acute toxicity in mouse,- rat, and rabbit." JWien 
administered '.v. aVl to 2 mg/g body weight, it did not produce any 
toxicity in these animals. These were the highest doses tested and are about 25 to 50 times 
Wghe than those effective in inhibiting virus DNA synthesis in liver of Ectromeha virus- 
S^ice. Also, mice injected i.p. with a L 30 -M(mouse)SA-ara-AMP u for 6 days/week 
ZT^ZuUv* w«*s (single daily dose = 50 ^g/g) did not display any sign of 
tL increase in the body weight as well as the food intake per day were equal to those of 
control mice. No change was observed in liver and kidneys of treated ammals at hght and 
electron microscope. 69 Mp 

As far as the immunogenicity of type II conjugate is concerned, L M -MS A-ara- AMr , 2 . u 
administered i.p. to mice for 5 days/week for 4 consecutive weeks (single daily dose - 35 
u-g/g) raised antibodies in low titers in half of treated animals (the antigen-binding capacity 
of positive sera ranged from 7 to 104 pmol antigen per milliliter). The same conjuga e 
injected i v according to the schedule followed for the intraperitoneal (i.p.) treatment did 
not produce antibodies in any mouse.- Provided that the same immunological behavior ,s 
Srue in man, type II conjugate of ara-AMP with L M -HSA should not induce antibody 
production when administered i.v. to patients with chronic hepatitis B. . 

There are human plasma glycoproteins, such as a-acid-glycoprote.n, which after des.aly- 
lation and consequent exposure of galactosyl residues, are selectively taken up by hepato- 
cvtes ,7 - 18 Conjugates of ara-AMP with these glycoproteins might be nonimmunogenic in 
man. However, the plasma content of these proteins is relatively scarce and, consequently 
in contrast to L M -HSA, they can hardly be obtained in the amounts required for clinical 
purposes. 

2. Conjugate with Acyclovir . . 

9-(l-Hydroxyethoxymethyl) guanine [acyclovir (ACV)], a h.ghly potent antmra I drug n 
herpes viruses Leases,™ " has been used in patients with chronic hepatitis B infection with 
encouraging results."- 73 However, ACV causes side effects, the most dangerous of which 
is its deposition in the kidneys due to its limited solubility in urine." Liver targeting of 
ACV should decrease the risk of this adverse reaction. ACV was converted to its mono- 
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B.. Busi, C. Matlioli. A., and Spinosa. G., Biochem. Pharmacol.. 35, 967, 1986. With permission., 

Table 4 

DISTRIBUTION OF DIFFERENT PROTEINS 
AND PROTEIN-ara-AMP CONJUGATES IN 
PARENCHYMAL AND SINUSOIDAL CELLS 
OF RAT LIVER 30 MIN AFTER I.V. 
INJECTION 



Compound 

[ 3 H]HSA 

[ 5 H]AF 

L M -[ 3 H]HSA 

[ 3 H]HSA-ara-AMP l3 

L3o-[ 3 H]HSA-ara-AMP u 



Parenchymal 
cells 

1.6 ± 0.9 
10.1 ± 2.6 
15.3 ± 2.5 

4.6 ± 1.1 
13.8 ± 0.1 



Sinusoidal 
cells 

5.01 ± 2.1 

11.6 ± 1.6 

2.0 ± 0.6 

52.4 ± 5.2 

15.1 ± 0.3 



Note: Data were calculated from acid-insoluble radioactivity and re- 
lated to cell protein; they were expressed as percentage of 
injected dpm x lOVmg protein. Each entry represents the 
mean (±S.E.) of results from 3 to 4 animals. 

ohosphate (ACV-MP), which was subsequently conjugated with L M -HSA 7 < by the coupling 
Icedut followed for preparing type II conjugate of «-AMP.» The molar rano of drug 
r C aXwa 10. Table 5 shows the effects of free ACV, free ACV-MP, and the conjugate 
on S5a synthesis in liver, intestine, and bone marrow of Ectromelia virus-tnfected m,^ 
ACV and ACV-MP were not active at a dose of 5 u-g/g body we.ght. ACV s.gmficantly 




FIGURE 7 Effect of free and coupled ara-AMP on [me.hyl-'HJthymidine incorporation into DNA in liver (•), 
S 0) Id tone marrow (□) of Ectromelia virus-infected mice. Free ara-AMP (frame A) was mjec ed ,.v. 

a do e 2 7 1 .JgTcoupled ara-AMP was injected a, doses of 2 u-g/g (frame B) .or 3 ug/g frame C). Mce 
were kTued 30 mtaSer i.p. injection of [memyl-'H] thymidine (speciftc activity 25 O/nunoQ (0 7 p-C/g body 
w Sh7 n conZanimals UV mean values of dpnV.OO u-g DNA ranged in the different expenmenu 
To 31 20 in S from 43.474 to 52.340 in intestine; and from .9.284 to 24.33. .n bone marrow Data have 
In evla^ed bv' mel o the analysis of variances. When the interaction time by treatment was found to be 

a significant inhibition in intestine or bone marrow as evaluated by Student's , -test (From Fiume, L., Bass., B., 
Buirc. Mattioli. A., and Spinosa. G.. BiocHem. Pharmacol. 35. 967. 1986. W.th perm.ss.on.) 

inhibited DNA synthesis in liver and intestine at a dose of 10 u-g/g. ACV-MP conjugated 
with L 30 -HS A inhibited DNA synthesis in liver at a dose as low as 0.6 ug/g without producing 
singificant inhibition in intestine and bone marrow. These results ind.cate that after admin- 
istration of 1^-HSA-ACV-MP.o, the drug was concentrated in liver in a pharmacologically 

^^experiments, coupled ACV-MP inhibited DNA synthesis in liver at doses ^10 to 
20 times lower than free ACV (Table 5). Besides the selective del.very of the coupled drug 
to liver cells, another mechanism possibly accounts for this increase m activity . The antiviral 
activity of ACV depends on the compound being phosphorylated to tnphosphate^ Phospho- 
rylation to monophosphate is efficiently performed by a virus-coded kmase which is present 
in herpes virus-infected cells." The monophosphate is further converted to ACV tnphosphate 
by cellular enzymes. In the absence of herpes virus kinase, phosphorylation of ACV is 
restricted in mammalian cells and consequently the activity of the drug again* ^ he L™ 
is relatively low. Injected ACV-MP did not display a higher activity than ACV (Table 5) 
presumable because nucleotides very scarcely enter into the cells- which they can ^fficiently 
penetrate only after dephosphorylation.™ After the uptake of ^SA^CY-MP,, £y liver 
cells, the drug which is released from the conjugate in lysosomes may be ACV ACV-Mr, 
or both (see Section III. A.2). If ACV-MP is set free and can cross the lysosomal membrane, 
the limiting step of enzymatic phosphorylation of ACV will be bypassed ir , liver by the 
intracellular transport of the chemically phosphorylated drug carried by U-HSA. MuOies 
on the toxicity and immunogenicity of ACV-MP conjugate have not yet been performed. 
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Table 5 ^ 
rrnrrT ftK FREE AND COUPLED ara-AMP AND ACV ON 

lINli^iii , INFE CTED MICE- 

Inhibition of [methyl- 3 H] thymidine 
incorporation (%) 



Compound 
ara-AMP 

L^-HSA-ara-AMP.j 
ACV 



ACV-MP 

L3o-HSA-ACV-MP„ 



Dose 

7.5 
50 

5 
10 
100 

6.8 
25 
50 



ara-AMP or ACV 
administered 

We) 

7.5 
3.2 
5 

10 
100 
5 

0.6 
1.2 



Liver 

49(S) b 
50(S) 
0 

42(S) 

65(S) 

15(NS) 

40(S) 

55(S) 



Intestine 


Bone marrow 


61(S) 


34(S) 


6(NS) b 


9(NS) 


7 


0 


38(S) 


15(NS) 


75(S) 


59(S) 


23(NS) 


20(NS) 


6(NS) 


0 


16(NS) 


7(NS) 



■ , lkr h,fnre Imethvl-'H] thymidine. In control animals, the mean values of dpm/100 
■ Compounds were mjected I hr before [me th 1H] my ( ^ ^ m m 

M DNA ranged in ihe different experiments from 14, 17 / to «,»< 

and from 16,967 to 21,289 in bone marrow difference was considered statistically 

► Results were statistically evaluated by means of Student s .1 tesu Ihe 
signiftcan. (S) or no. significant (NS) for p < or > 0.05, respecuvely. 

C. Galactosylated Poly(L-Lysine) ^"Jjf d carrier in expe riments of cancer 
Poly(L-lysine) has been used by severalau hors £J*J« ^ was conjugated7 < 

chemotherapy in animals (for review see Arnold-). Tim PO yme £ ^ ^ ^ 

with 2-imino-2-me*oxyethy ^^J^S^JTiw of the lysine residues 
al. 81 The resulting complex [ga.-poly(L-lysine)] nao «- _ galactosyl- 

, ubsliwtt d by *e ^-■•^-• | fX3 po, y( uU«) b, 

terminating glycoproteins. ara-AMP «5 ™J * f h lex was 0 .18. In 

means of ECDI at pH 7.5. The weight ran o f drug to cam" ot P ^ ^ 

IV ANTIBODY CONJUGATE 

PC.oTC«^c,Tf-ee and co U p.«d IFN on Mango virus g rowmg in u™» 
1 n V™, niMR WIL (EBV-MA*) and U-266 (EBV-MA - ) was studied. When IFNs 

tftFN-MAb was observed on., ^STu^vUv oM™ is maimained after 
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In fact, a higher activity of IFN-MAb on EBV-MA + cells was found only when the cells 
were pulsed for 15 min with free or coupled drug at 4°C; under these conditions, there was 
no binding of IFN to its receptor, while antibodies could link to the specific antigen. 83 - 84 

V. HORSERADISH PEROXIDASE CONJUGATE 

There is evidence that herpes simplex virus (HSV) infections of the cornea recur because 
the trigeminal ganglia harbor latent virus during periods of remission of active corneal 
disease. 85 An attempt was made 86 to deliver antiviral agents selectively to neuronal cells in 
the trigeminal ganglion by coupling to horseradish peroxidase (HRP), a protein which travels 
from cornea to ganglion somata by a process of retrograde axonal transport. 87 5'-Iodor5'- 
amino-2',5'-dideoxyuridine (AIDU), a powerful antiviral agent against herpes simplex, 88 
was synthesized using l23 I and conjugated with HRP. Coupling was performed by a Schiff 
base formation between the 5' amino group of the drug and aldehydes generated on the 
carbohydrate moiety of HRP by means of a short periodate oxidation. Preparations of the 
AIDU-HRP conjugate with molar ratios of drug to protein ranging from 2 to 9 were used 
in the experiments in vivo. The conjugate was injected into the corneal stroma of rabbits, 
and the delivery of the coupled drug to trigeminal ganglion cells was demonstrated by the 
radioactivity detected in these cells by means of autoradiography. 86 The presence of the 
radioactive drug in trigeminal ganglion somata was due to the effect of HRP moving by 
retrograde axonal transport. In fact, after the corneal stroma was injected with similar 
concentrations of the free radioactive drug or of radioactive drug simply mixed with HRP, 
trigeminal ganglion cells were not labeled. In these experiments, however, no evidence was 
obtained as to whether or not the drug was released into the target cells in a pharmacologically 
active form. 

VI. CONCLUSIONS 

Among the protein conjugates with antiviral drugs prepared so far, only that of L-SA 
with ara-AMP (type II) was found, at least in mouse, to fulfill the criteria required by a 
drug-carrier complex (see Section I). L-SA-ara-AMP is stable in the bloodstream where the 
drug is neither released nor deaminated; it maintains the capacity of lactosaminated albumin 
to interact with the specific receptors on the surface of hepatocytes with which it can freely 
come in contact through the hepatic sinusoids; it is selectively taken up by the liver where 
the albumin carrier is digested. The released drug remains in high concentration in liver and 
its pharmacological action is confined to this organ. Moreover, this conjugate does not 
display any recognizable sign of acute toxicity even at doses several fold higher than those 
pharmacologically active and, when prepared with homologous albumin and injected i.v., 
is not immunogenic. Finally, a great practical advantage of type II L-SA-ara-AMP conjugate 
is its chemical stability; in contrast to type I complex, it remains soluble after lyophilization. 
If this conjugate behaves in man as in mouse, and HBV-infected hepatocytes do not lose 
the receptor for galactosyl-terminating glycoproteins, its administration to patients with 
chronic hepatitis B should result in a selective delivery of ara-AMP to liver with the following 
consequences: (1) a more efficient inhibition of vims replication in this organ; (2) a lower 
toxicity for the other tissues, permitting prolongation of the antiviral treatment; and (3) less 
damage to lymphocytes that were reported to be injured by ara-A, 89 with a consequent better 
cooperation of the immune response. Altogether these effects could facilitate the clearance 
of virus from liver, which in turn should allow the specific immune lymphocytes to address 
their action only to the extrahepatic cells which might also be infected, 90 " 93 thus increasing 
the probability of their elimination. 
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NOTE ADDED IN PROOFS 

Af.ermemanuscrip.w.ssubmir.ed^ 
DNA posUive fo, more than 6 ^\<f^^^^^%^i by 

audio u> define ihe minimal effective dose for prolonged treatment 
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